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One of methods of cleaning fouling in tubes will be a turbine-1 
unit to replace R113 as a cleaner after 1995. The turbine-1 
consists of a turbine and a brush with a connector between the 
The turbine-brush was created in KSC , NASA and demonstrated 
rotational motion while it was held at a position. 
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II. APPROACH TO A SIMULATION 
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The procedure and result of the simulation analysis 


On 


• *0 to co 
to 0) td at 


c a) 0) 

o -c 

A H A 

O' . ‘e 
0 ) • 6 
M TJ A 

® £ “ 

5 S « 


O p P 


0) 

(l) X! - 
X! P 0) 
cn C 
p -h 
• O X> 
to p 
£ to G 
O W«P 
H 0) 

rH o 0) 

o o x! 

W 3<P 
to 

to p 

ftiH O 

td 

tj g a 

0) P 0 
G G-H 
•HOP 
cu > cd 

H (D+3 
04 O 
X G P 
O td 

•P 

to P G 
•H O O 
P -H 
i— i cn 
vac 

TJ 0) rt 
O P P 
B w*P 

OP (D 
•H tQ X! 
P P P 
P -H 
O P G 
g cd 
O td xj 
0) P 
to 

•H P 
XJ Q) 
(DHXl 
•HOP 
p XJ td 
•HOG 
7J 6 
Q* • 
gTJ G 
•H ® O 
tO *H •H 
P 4-3 
<*H td 


(0 XJ P C 

• *H *H *H 

Cn 0) p 0 P 
<3(0X3 CT-P <d 
•H p p -H -P 
P -H H? O 

td £ p (0 p 

0) cd a) 

X 5 <X 3 X 3 0 X 3 . 

p Eh 0) CO <D 

td . G G JS 

1 uj cn >i 3 m o 
!*£ s rt . o a a 
» 0 -H > « ° 


►,ogS«°® 5 ^ 

O iH ^ U CO fi A 

o rt M <D 3 0 S' "2 O 
a g ® TJ cn a S g 

® M ij rt ri 6 0 ) 


>OoACrt 2 s O 

****•« e *5& 

rt TJ ® rt 0»A ^*2 M 
A ® A C _ m 5 3 
A O +J P -H TJ 2 ® cn 
C rt OHHji 
Vri c cdOJ^iTa) 
O' d<a m ® a 4 . g a 
C a» A o e +* 
« ® -p a O' u 5 
+JMPca)c 4J °g 
^rtgrtA A m° 0 
3 giU+JV* „ h 

°xj° x; o o m cn 
>^B© a a S\S c 

fr-H O' M (C -H c -H 

r\ a d P 0 (rt _i G 

8 s o 


o c 
? o 
5 -H o 


m jj c 
3 ri tj a) 

A ” /iv r \ 


O M ‘ H 


fiti 


a> o c M S 


j-s rt ® o ® 


rH CU xj A 

O 3 TJ O 
in A M c rt 


M • j_> O A A O 3 
®X| V 04JX1+J J V 
H (A 4-1 H l® -p A 
330 O 3 TJ O 

O' H in A M c rt 
c A C -H Art A 
rt • o TJ I {►.« 

OAO'rtrtrtAS 
!>, d A C A C C H 
TJ -H O *H O *H -H JS A 
rtAa>>-c3AAin 

(DMMrt-pUMDO) 

A3-HAJA33MA 
cn A TJ A rt A A A Eh 


73 O' C 

C AC C -H A X ! A OSt 

O Ort-H O' A A XJO 

-H pCOJ-iO Ah 

A cn *• O O 0> 3 I Cn,^ A 

O AWrtW-HMXJOA A C 
<D to Q) CAXSAA3 A-t-iO® 

cn O'-H -O ® -H O A O rt > - A 
c K K A-O ® A ® (dr 4J 

Atn-HCA M ffl C 3 A ® A®R 
VHgO'OOS .OOHflVVH^ 
r rt A A rj Up 0 ) - J n P Cl go 


00 p P *H X! g 
f) ** p p p • 5 

c c H'tj ® <3 o -h ® ® 


A in ^ 


aho 5V£^«> cn o Cn rt a - o 
o -htI-h^-Qj-c «i s c QiW^h 


•n t-i 4 -' ti , H M r< O • 7 -; 

n on o m-H m Su d c -j+i «u n 
AO 3-HjC«JOAXn 


® e ® m £ a.^J •'■j m „ fl+j oe'r! 

g (0 O 6 m m 3 3® A 

O A C TJ 0>A W SA®CnMOW®Ofl> 
®m-HCcmxJrt' oc!C ^5TbAJ-< 
O'-H cnO-H oq.®"H-H rt O ® o 

rw r \ J /11 ^ w 1 , a 1 ) m ii<r1 1 rn 


rt O rt o 
A *0 mm 

tn 10 w-rl 


® ® ® tn a rt 
•H A A o 3 
A Eh 3 ® d O' O 
-H A A A 3 
A • Eh -H in 


&TJ ® 
S A A 


®S*^^AA®ATJ mm 
noAm m w-ri 

rt o33®A-H’OC TJ 

d c -H A c . TJ -H 0 A 

O' 0 33* 3-HOrt; 

C >,m ® O 3 aAA 

HmrtrtAO-HrtAO® • 
J-l M g > Eh V. 3 ® U »h 


® Jh M g > Eh 
C rt rt O 


a) 3 O’ A ro 3 


•H 3 A ••H®ATJg •AA®rt 


A O +f M ® 


A gAA-H a>At) 430AM® 
A A M M A 3 a C 3TJA^“3M 

003 TJ 3 A 3 -Hm-H® +J-rjO '3 

rt AA3dAAA-H-ATJ TJ-hO' 


P *H «w t n »v w T- ^ 

A ® c 22 f®»3CO|4gB® 

A OA 3>3 m Jhxj.ha 0*|i rt 3 rtn, 

/s Ml 1 1 Ml 1 -j U I ij A . tft I 'H , 


3 « ® A 


TJ -H O' 


A ® 
m TJ 


O -H -H 
•H Art > 
AO O 


O ® ® A 3 *-3 

® m A a g tn.^ 


® u +* >! 

'S 3 A m 2 

d m -j X3 

A O 3 ® A 

-o *5 -Q 

- + J 3 A 


X a t2 Oj m a 

rt ® A y ® m 
A o 22 m rt ® m 

® a ® ® AS 

Q m - m m Eh 


A O TJ 


rt A A A 


® g 

S £ TJ 
M O ® 
A >3 A 
a « rt 
•rH »H 


A c WA [J M ® c 
cn A c A i, a A 
M MA „ ® rt M 

A ® ® A “ A a | 


t d 5 uj a c-H qAh m ^ rnA 
g-H # mO OJS 10 a 3 -Hm 

g M ® c A A<>) *JHA 3 

H aa 3A ^ M ® A O A A 
mrtrtMOU^A 130 -h m a 
m AA|A®A^0S®A3A 

l» . * J .A P. 111 Ml A k. ( • 


AAA O ® Eh CUO AmEHcnAjBA^M 


® ® TJ >iA • >H C ® O' 
A A +j O' rt rt Jh C 


Eh ® *A d C A 


HA O' O 


H HA Am 

c ® m 1 a 
c A A A c ® 

O g O' 0 C C 


A TJ O ® A 3 m TJ H C A A 3 3 A A A 


A a O H O TJ 


HAmOOAArt 


A®rtHA®®H03HH0Hg 
m m ®A ®A OAA I ® H -H A ® 3 O 
A A > A A OAAAO 01A OA 01ATJ 


m H C 

a c rt ® rt 
rt MO -H 

3 ® 3 A -3 m A 

O A 0 A O ® 0 

A A A O 0 3 ® 

®mc ®fc 

® C -H ® M A • Sc 
M ® (M A -H ®,«§ 
Ag ATJCA«*.| 
A A • 0) A ® >, g 

TJ m TJ ® ® rt 3 £ "2 

rt 1 a d m £ tj 3® ® 
OXrtAAM'rfM® 
cstrt m 0 2 v a 

A A *-tX A A >3 ^ q 
TJ ® O A W w 
CrtMCOTJrt®,M 
0 # iHcdrH(D *0 

•H (DXJH O (0 W . X3 P 

p^pai P *H u P 6 
O td P S >H G 
Gg(l)a)(Dt0^|OG 

M XJXIP-H M 

p opp g oS^aj 

rnA 3 ® 5 5 0 A 


c S rt 
•H A 


VJ T— w 

C 0*3 O gAjrj w Eh 

omcoo®®^--, 

o A o A d r ;2 * 

w w ^ ^ p G Q) 

td rH 


o -h o xi c r Si* 
a m ® o M 2 ® 
AjartWAmA.* 0 ^ 
CO OA rt d v -3 
® eh A A 0>A 5 m 'ri 

gttAACCA’SoS 

® W H -H -H A 2 c W 

A J5 TJ ® A C 7t> M 9 

® C >*0 rt-H ®*o 3* 

M ® ® A a) O rn 

ffl 0 A H A 0 ® g * .2 

A A X 3 A O.TJ 3 * H 

•H ®OAM3 3 w m 

CC AO®Hc(«A 
-H-HTJ ®AOflic 
Artd®OrB ort® 
g rt > tn A rt Mg 
*H 0 rt rX A ® 

O'OtD/GOP ^ U —j 
^ C X fi W o (D^ 
td ^ td xj -HP^P^ 
OOHHXJOGpGp 


XJ rH G »H GrH 0) *P O 

•HP O G O G O 

td x; O 0) Gc -H G 
g rH tox:> pao 


G rH 
•H td G 
td G O 
S 0 


10 - H tr» G 
P G Q) 


•HPPG) tdP <D P G 
CtOGGO OH (!) P 
g 0 o-H d) a) a) &P 
oggPOG ato 
gOOPGGd) a HG 
•HPP (D*H OX! N O 
X 3 <DO)>tOOEH- O 



o 


•HO -H 0) p G 

Pm x: x! -H -H 

„ P P O 

co o *a 

•H CO (d (H H (1) 
- 7? * w ^ 0 3 P 

c ja o ^ > <o 

2 2 01 *H H TJ P 

m 5 8 > c » 

® • p © 3 X! 3 3 

So m ^,2 M 

S E’X! P -H 

*0 0 f; © _ ® P! 


c -H ^ fl -C ® P 
3P m 3 tJ £ * 
•O 3 3; 2 !* W 

is "! ° s § 

doo^wm! 
•C P w P 3 fH 
5)P o OCO # 
0) 3 «£ X3 © 

a 3 p o p 
0 P H o c 

, »H H © <H P © 
p 0 -o o ft P 
O.n <0 
> f< & g c a *p 
o o o o o m-» 

m rH TJ -H El -H 
® g «H © p « *0 

7 l •* > u w 

jj m © 5 © 2 n 

■H x: p p o 

*P « P Si-H m 

m .. . S v 0 “ 


3 S’g-a 

. O ° 


O • 
(D-P Oh 


C 

& 

p TJ 

c 0 ) 

0) P 
6 0 ) 

O *0 

6 -h 

co 

»o c « 

S 81 

‘••y *s 

>1 2 3 
P c 3 

^gp 

C }j 0 

•h a 


to a cd 
+j § p 
W ^ tr 
•H q) (D 
co S 

C p >i 
O jj O' 

v% P 

L| <D 
» 3 A 
C Q, 0 ) 
O g 

•h § aj 

«P n X! 
Cd ^ P 

c^x; *• 

Q) 4 J C 


c 

0 CD 
•H X! 

2 3 

3 • 2! 

o 1 » 5 'd 

3 ^-H 


xi to m 
•p 3 fl 


3 *H m 5 
P “ n 
4* 3 3 ° 

-f 3 3 3 

| P x| 

§ 3 P i 

*H rj rH 

•P.5«W 3 

®*s 2 

■S 0 g 2 


pflgS 
- © g « 

lj 5 O 
P 3 

i *v ry^ a 


uJ rH 

•H w 

3 

tP 

rH © «H 

•9 B 0 

•P 3 - 
w i C 

c a 

O-H 
•H +> 

«p x: 

“a 0 

3 -H 

o 0 

0) *H 

U4 H 3 

P rH 

•h x: 

6 A N 

T5 O 

0 §-H 

r \ H li 

CO 

r+ 


P >i 
I X> 
•H 

T* 
Q) O 
X! X> 
P -H 


•H 72 C X! -p 3 +> 

£ *0 

o a *p 


0 ) 

■0 m -H 

us r* 
rj C 

4 H 

•H Q) 

“ O +J e -H TJ 

cd 

_ c <d 

>i 

CO 

3 3 “ 

P 0 

0 

P P 

Hff|P D> 3 *3 3 

tHH 

£ -H 

P 

c 

X! 3 * P 

^ O 


cd 0 ) 

© P O' C 3 3 3 

C X) 

(l) CO *H 

•H 

0 

P ^ 0 

CO ^ 

0 

> 4 H 

TJ © U 3 O *H O 

•H 

-P +3 


0 

•>H <p 

•H W 

0 

P <D 

OP OIHHWOO 

4 J tJ» 

CO • CO 

a 


U 3 W 


•H 

0 ) P 

S 3 OT P 3 3 rH 

M C 

>i co d) 

•H 

CO 

•HP TJ 

eTJ • 

P 

CO 

O' O P >i 

cd *H 

co a > 

P 

CO 

3 3 -H 

co 0 ) co 

cd 

C rH 

hhO sp P n 

4 -> CO 

o a 

a 

cd 

a 3 0 -H 

co P 

D 

o cd 

3 (p *H P 3 i — 1 3 3 

co cd 

<! *H -H 

0 

S 

C-H 3 

<D P <D 

O 1 

U-H 

•H 6 P 3 3 T> P 

a> 


u 


3 0 P > 

U fl)H 

w 

p 

P • 10 i JQ 3 3 

u 

cd co 



P g« 3 

M 04 04 


p 

•Hcoa> 30 ' 030 ' 

o 

3 -H 

rH 


01 S 30 

O CO 0 

CM 

a) 

3 1 A O 3 rH O -H 

c 

CTXJ 

• 


XJ 0 O' 3 

O-H P 

• 

c 

•H m P O 3 O'XJ IP 

•H 

0 ) P 

ro 


> 0 W 3 

to *0 Tl 

00 

•H 


where p is the static pressure , is the stress tensor (described 
below ) , and g A and F A are gravitational acceleration and external 



body forces in the i direction, respectively. 


So® 

• rH 

e m^-2 

§-;J.g 3 

® n C O' 

•P 5 3 ® 

•o H-, c 

§*■0 g * 

(D >t 

XJ 0 m 4 J 
jj HI4 W -H 

•CO 0 
C 0 ^rH 
td J* 0) 
.0) £ > 

>1 a) <: 

•p 

•H ^3 o O 
§^^0) 

«H''S 
■H (On ^ 

> , ^ 2* 
iS»“S 

<d ^ > 

rH n g # »H 

g 0 c-o 

2 1 ® ^ • 
5 9 £ ij 01 

a) ® -p «S ® 
— X! ® 
7 ! tO -Jj 0 ) 
+* -H G 0 ) 

to o g p 

OP OP 
XJ +> -H (0 
S.-H <d 4 -> 
m -P Dj <D 

0 9 g£ 

P -O a 3 +J 

01 c g n 
x: <a o to c 
^ X! o «o o 


«h 5 

O' 0 2 to 


to (0 e 04J 
G <d -P c 


ui U V yj IU . 1 Ul 

c tH » 

•H to -p P I 10 £ HI h 

H c 2 h -i I S £ - 

oio 3 ,oi*So . -p • 

TJ -H CJ’XJ .2 ® O *, O 

0 +J« 0 ^ 5 „ 3 . to c 

6 2 c 6 i 2 ® H 

® -p .2 o> m 2 43 -p 

p o i t).“ s - p > C 

® 3 1rt c 5 W, S ,H ° ® 

•Hi— l|F<DE-ltO'jtOPO 

P «H r, iH ^ Q 1 -rj O 0<rH 


P S'P'O « 
p c 2 p o) <D 

ft® 5 flx M 

9*7j H -p -h +j 

•P o » o 


® 3 m p a) T3 
p •p (0 TO -H 
•Hod) 0 
3 4H X) 10 G 


•H tO tD 

>-h a> 

to to 
>1 a> to 


0 ) X! 
p to +J 

•p _ 


M <11 XT’ S 
» O *t3 X3 QJ 
I to W ‘J TO 4 -> P 
-> <D *0 m 0 ) 0 -P 
-oh g a to 
D O ” 4 J >1 
3 10 G cn G X! to 
H *H >1 - 0 ) *0 


O’ O fl) E-t *H >i- 0 ) 

/l\ rH n\ 1 


a> p$ +5 3 cn 0 

n r\ /»\ rn 


-P ^ fi 2 rn n-Q 0 ) C 

M O'H 0)^,2 3-H® 

0 -Prj-^m-P CO g 


Jjj o P H 5 
m a> 5 <D A f; ^ 

.3 “ S-S g 

e-Sr! ®°-S S 


■P CO g 
(0 

a> 3 o 

X2 O J2 
-P CQ «P 


rH ■ UJ *• m 

rH So^rjG.CO 

s a) S -h .13 m -h -p m 

P-H ^o.XrnljjQ w G 
P ^ n n d 0) aJO 
+J U S 04' 5 T3 O >1 -H 


o-s s-s § ; 


C P *0 G ^ 


a) g g *h ^ co 

•c § rH ih 0 a> 

P u >iid td c M 

1 t ^ n 


•P c G X 0 i 
•H O O X 


•H d *H rH tO *H *H - 0) 
fHtOnj <D O 4-> -P G 
0 > 0 ) TJ'OOPPOO' 
•dP>iO>OtOOO -HG 
O 3 -P -P g -H 0i CU+J -H 
ST)HC r > 0 0 0 (> 
0)00)0 I p P B O 
O O- to *H >iOid<3iH 
O iH 0 ) to X 5 W rH 

PO)p<d , oa> | Htoo 

a > DiX) 0) X> 0 Id »H 


The term (2/3)|A t (du 1 /ax 1 ) is ignored under the assumption that the 
divergence of velocity has a negligible effect on the turbulent 
stress tensor. The equation for the Reynolds stresses is analogous 
to that describing the shear stresses that arise in laminar flow 
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IV. BOUNDARY CONDITIONS 
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where p is the static pressure, x, the coordinate in the flow 



4.2 Boundary Conditions for Velocity 
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The force holding the turbine-brush at a point is considered 



Once an element network is constructed, an input file is 
submitted into the SOLVER of NEKTON. Based on error messages, the 
number of elements or of orders may be increased. 
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VII. MODIFIED EQUATION FOR PREDICTING ROTATIONAL SPEEDS 
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VI I I. EXPERIMENTS WITH A CLOSED LOOP APPARATUS 
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Figure 1. A Sketch of the turbine 
brush 
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Figure 3. Current model for 
the turbine 
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Figure 11. 

Velocity Boundary Conditions 
Next to a Solid Surface 
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Figure 1-’ r . A Closed loop experimental 
set-up 
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